Abstract. Since the CeO2 materials were found with oxidase-like activity, they were received wide attention because of without the addition of an unstable oxide substrate H2O2 in the catalytic process, while, up to now the research about their application in catalytic oxidation of dye wastewater have hardly been reported. In this paper, flower-like CeO2 were synthesized and were characterized by SEM, XRD. The results showed that these CeO2 materials possessed the intrinsic oxidase activity. The property of flower-like CeO2 removing methyl orange was investigated. It was observed that the degradation rate can reach 77.5% with 40 mg CeO2 dosage and for 2 h at pH 4 when the concentration of methyl orange is 20 mgꞏL −1
Introduction
Since Gao and co-workers reported that iron oxide nanoparticles have intrinsic peroxidase activity [1] , a large number of nanomaterial have also been confirmed to have intrinsic peroxidase activity such as CeO2 [2] , gold nanoparticle [3] , graphene [4] , etc. These nanomaterial mimetic enzymes have prominent advantages including a simple preparation process, easy large-scale preparation, a stable nature, reusability, strong environmental resistance, and low manufacturing and storage costs [5] . Therefore, the use of these nanomaterial peroxidase-like activity which catalyze substrate H2O2 to degrade the organic wastewater receives broad concern [6] . But because of the instability of H2O2 in water, the application of these materials is limited. In 2009, Perez's team found that CeO2 nanomaterial also has the intrinsic oxidase activity [7] . Therefore, it is advantageous to use CeO2 nanomaterial to catalyze the degradation of organic wastewater without adding H2O2. But the research about their application these aspect have hardly been reported.
Methyl orange represents one of the most important dyes, which is widely used as a coloring agent in textile and leather industries. These dye pollutants may create numerous problems like skin irritation, liver and kidney damage, also poisoning the central nervous system of humans and animals [8] . Therefore, the research about removal of methyl orange from wastewater is important and urgent.
In this paper, the flower-like CeO2 materials were prepared and their morphologies and oxidase-like activity were characterized. They were used to degrade methyl orange in solution and the effects of flower-like CeO2, methyl orange concentration, pH and temperature on the removal efficiency of methyl orange were investigated.
Experimental Methods

Materials
In this experiment, Ce(NO3)3•6H2O, methyl orange, and urea were purchased from Tianjin Kermel Chemical Reagent Co. Ltd. TMB, EDTA, CTAB, citric acid, sodium acetate, glycerol, and 30% H2O2 were purchased from Tianjin Fengchuan chemical reagent Technology Co. Ltd. All of these materials were of analytical grade, and all solutions were prepared using distilled water.
Preparation of the Flower-like CeO2
A total of 0.9987 g of Ce(NO3)3•6H2O, 0.0984 g of CTAB and 0.5520 g of urea were added into 10 mL deionized water, and then, the solution was mixed with a magnetic stirrer to make it fully soluble and clear. The solution was transferred into a stainless-steel reactor lined with polytetrafluoroethylene to react at 120 °C for 3 h, then take it out and cooled to room temperature. The supernatant was poured, and the precipitate was washed several times with deionized water and ethanol. Finally, the precipitate was dried at 500 °C for 12 h to acquire flower-like CeO2.
The Characterization of the Flower-like CeO2
The morphology of the material was observed with an FEI Quanta FEG 250 scanning electron microscope. The crystal phase composition of the material was analyzed by a D8 ADVANCE X-ray diffractometer.
Detection of Oxidase-like Activity
The activity of an oxidase-like catalyst was tested by TMB oxidation assay. 2 mL TMB mixture liquid was drawn into a centrifuge tube, and 2 mg of CeO2 samples was added into it. After 10 min, the mixture liquid became dark blue. Then, the suspension solutions (H2SO4) were added into the mixture, which subsequently caused the mixture to turn yellow. The samples were taken at different times for UV-Vis measurements. UV-Vis absorption spectra were collected using an Agilent Varien Cary 60 spectrophotometer.
The Degradation Procedure and Analysis of the Degradation Rate
During the degradation, a reactor with 100 mL capacity was immersed into a bath oscillator ) at a pH of 4. After 2 h of catalytic degradation, the solution was centrifuged. The supernatant was taken, then the absorbance was measured, and the degradation rate was calculated.
The absorbance of methyl orange was determined using a UV-Vis spectrophotometer with a λmax of 463 nm. The degradation rate of methyl orange was calculated according to the following formula:
Degradation rate (%) = (A1-A2)/A1*100%
(1) Where A1 and A2 are the absorbance of methyl orange before and after degradation respectively.
Results and Discussion
Characterization of the Flower-like CeO2
The morphology and structure of the sample were observed with a scanning electron microscope. As shown in Fig. 1 , the CeO2 sample appeared as flower-like morphology. The flower-like materials are composed of many rod particles with a size of 200-300 nm. The crystal phase structure of the CeO2 samples was analyzed using XRD, and the results are shown in Fig. 2 . From Fig. 2 , it is observed that the diffraction peaks correspond to crystal face (111), (200), (220), (311), (222), (400), (331), and (420), respectively. This was consistent with the diffraction pattern of cubic fluorite structure CeO2 in the standard XRD database (JCPDS No. 65-5923). At the same time, the peak intensity that corresponded to the CeO2 (111) crystal surface was the highest, which indicates that the (111) crystal surface was the main appearance of the flower-like CeO2. 
Intrinsic Oxidase Activity of the Flower-like CeO2
TMB, one of the most common HRP substrates in various bioassays, was used to investigate the oxidase activity of flower-like CeO2. As seen in Fig. 3 , TMB was oxidized rapidly without the presence of H2O2 to produce a blue color with maximum absorbance at 652 and 370 nm within minutes. When added into H2SO4, the blue product was further oxidized to a yellow diimine with a maximum absorption wavelength of 450 nm. In contrast, no obvious reaction occurred in the absence of flower-like CeO2. These results suggested that the flower-like CeO2 had the intrinsic oxidase activity. 
The Application of Flower-like CeO2 in the Removal of Methyl orange
Based on the excellent catalytic activity of flower-like CeO2 in the oxidation of TMB, we explored the application of flower-like CeO2 in the removal of the methyl orange. The effects of some important reaction parameters on the degradation of methyl orange were investigated. Firstly, we investigated the effect of pH on removal of the methyl orange by select pH range 2.5-10. As can be seen from in Fig. 4 , with an increase in the pH, the degradation rate increased rapidly, and it reached a maximum at a pH of 4, and then decreased. These results suggest that the flower-like CeO2 behave as oxidation catalysts in a pH-dependent manner and perform optimally at acidic pH values. So we choose a pH of 4 as the catalytic degradation condition. Secondly, we investigated the effect of reaction time on removal of the methyl orange by select time range 1-6 h. As seen in Fig. 5 , from 1 h to 2 h, the degradation rate of methyl orange increased rapidly, and then, it fell slowly. So we choose a reaction time of 2 h as the catalytic degradation condition. We also investigated the effect of CeO2 dosage on removal of the methyl orange by select dosage range 10-80 mg. From Fig. 6 , it was seen that the degradation rate of methyl orange increased rapidly when the flower-like CeO2 mass increased from 10 to 40 mg, and then it increased slowly. Thus, we choose a flower-like CeO2 mass of 40 mg as the catalytic degradation condition. 
Conclusions
In the present study, we successfully synthesized the flower-like CeO2 using the hydrothermal method. It was confirmed that the flower-like CeO2 possessed intrinsic oxidase activity by using the TMB oxidation method. The degradation rate of 20 mgꞏL −1 methyl orange can reach 77.5% with CeO2 dosage of 40 mg with a pH of 4 in 2 h. These results suggested that the as-prepared flower-like CeO2 is useful for dye wastewater treatment.
